Introduction
Renal cell carcinoma (RCC) is one of the most fatal types of urologic oncology and accounts for 2%-3% of adult malignancies. According to an American investigation, 58,000 patients are newly diagnosed with RCC, and nearly 13,000 patients die from this disease every year. 1 Rapid progress has been made in treatment methods, but some RCC patients with local recurrence and distant metastasis do not survive for long. 2 An effective prognostic model could be used to ascertain the malignant degree of the tumor, as well as to carry out risk stratification and allow individualized treatment for cancer patients. The postoperative tumor-node-metastasis (TNM) staging system is the conventional prognostic model used for RCC patients in clinical practice, but its precision may be unsatisfactory, with outcomes of patients at the same stage being significantly different. Moreover, the TNM staging system can only be evaluated in patients who undergo surgery. Therefore, a new laboratory index to complement the current risk stratification system of RCC patients is urgently required for clinical decision-making.
Serum albumin is synthesized by the liver and is the main serum protein. 3 The concentration of normal serum albumin ranges from 3.5-5.0 g/dL for adults; when serum albumin is ,3.5 g/dL, it is defined as hypoalbuminemia. 4 Serum albumin is closely related to the degree of malnutrition, so it is often used for evaluating nutritional status. 5, 6 Furthermore, many studies have indicated that the inflammatory response submit your manuscript | www.dovepress.com
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chen et al also affects the concentration of serum albumin, which can therefore be used as a reliable indicator of inflammation. 7, 8 Cancer is often accompanied by malnutrition and chronic inflammation, which often develop into tumor cachexia and speed up the deterioration of cancer patients. 9 In recent years, numerous studies have indicated that there is a close correlation between pretreatment serum albumin and tumor prognosis; specifically, the lower the concentration of pretreatment serum albumin, the worse the prognosis of cancer patients. [10] [11] [12] [13] Some of these studies have directly or indirectly elaborated the relationship between pretreatment serum albumin and the prognosis of RCC patients. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] However, owing to differences in research design, sampling protocols, and other factors, the prognostic value of pretreatment serum albumin in RCC patients is not consistent. Some investigations have shown that pretreatment serum albumin is related to the prognosis of RCC patients, but others have failed to draw similar conclusions. Therefore, a systematic review and meta-analysis are necessary to assess the prognostic value of pretreatment serum albumin in RCC patients.
Materials and methods search strategy and selection criteria
This meta-analysis was conducted according to the preferred reporting items for systematic reviews and meta-analyses guidelines. 29 We searched PubMed, Embase, and Web of Science for published studies that analyzed the prognostic value of pretreatment serum albumin in RCC patients up to November 3, 2015. Search terms used were: "kidney cancer or renal cancer or renal carcinoma or renal cell carcinoma" (all fields) and "albumin or hypoalbuminemia" (all fields) and "prognosis or prognostic or survival or outcome". We checked the titles and abstracts of the papers retrieved, excluded irrelevant studies, screened the full text for the remaining papers, included satisfactory studies, and extracted the required data. In addition, we manually screened the references of related papers, including all the identified studies, reviews, and editorials, in order to retrieve unpublished but relevant investigations. Considering overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), and progressionfree survival (PFS) were the frequently used outcomes of RCC, we chose them as the primary outcomes of the studies that were selected for this meta-analysis. Inclusion criteria: 1) diagnosis of RCC was histopathologically confirmed; 2) treatment was limited to surgery, targeted therapy, or immunotherapy; 3) pretreatment albumin values were measured and their potential association with the prognosis of RCC patients was analyzed; 4) retrospective or prospective study design; and 5) studies that directly offered the hazard ratio (HR) and 95% confidence interval (CI) or cases in which the presented data were available for reconstruction of HR and 95% CI.
Exclusion criteria: 1) studies that were not written in English; 2) letters, review papers, meeting records, commentaries, case reports, or clinical guidelines; 3) lack of critical data, such as HR or 95% CI; 4) studies on cancer cells and experimental animal studies; 5) sample sizes smaller than 40; 6) in cases where data overlapped across several different articles, only the study with the largest sample size was reviewed.
Quality assessment
According to the Newcastle-Ottawa quality assessment scale, two researchers independently assessed the quality of each study. 30 For quality assessment, scores ranged from 0 (lowest) to 9 (highest), and studies with scores of 6 or more were rated as being of high quality.
Data extraction and conversion
All data were extracted from the literature by two independent reviewers. When divergence appeared in the data-extraction process, a consensus would be reached after discussion. We extracted the following data: 1) basic information on the study: first author's last name, publication year, country; 2) basic features of the patients, ie, case number, age, TNM staging, pathological grading, follow-up time; 3) cut-off value of pretreatment serum albumin; and 4) HR of albumin for OS, CSS, PFS, or recurrence-free survival (RFS), as well as 95% CI. If both the results of univariate and multivariate analysis were reported, only the result of multivariate analysis was extracted because this is more accurate, as it accounts for confounding factors.
If an article provided HRs and 95% CIs, they were extracted directly. However, if a paper did not provide HR and 95% CI, they were calculated using the data provided in the paper. If only the Kaplan-Meier curves of pretreatment albumin were available, we reconstructed the HRs and 95% CIs from the data extracted from the survival plots. We also sent emails to the corresponding authors to request any additional data needed for our meta-analysis. All the calculation methods mentioned were provided by Parmar et al 31 and Tierney et al. 32 
statistical analysis
HRs with 95% CIs were used to describe the relationship between pretreatment serum albumin and survival of OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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serum albumin in renal cell carcinoma RCC patients. An HR .1 suggested a worse prognosis in patients with a low concentration of pretreatment serum albumin, and an HR ,1 indicated a better prognosis. We used Cochran's Q test and Higgins I-squared statistic to conduct the test of heterogeneity of the combined HRs. If the P-value was ,0.1 and/or I 2 was .50%, the heterogeneity of the combined HRs was considered statistically significant, and a random effects model (the DerSimonian-Laird method) was then applied; otherwise, a fixed effects model (the MantelHaenszel method) was applied. The factors contributing to heterogeneity were analyzed by subgroup analysis. By assessing the asymmetry of an inverted funnel plot, publication bias was evaluated. Furthermore, we performed Begg's and Egger's tests to provide quantitative evidence of publication bias. Data analyses were performed using STATA version 12.0 (Stata Corporation, College Station, TX, USA). All statistical tests were two-sided, and when P,0.05, differences were considered statistically significant.
Results
search results
The process of searching and screening the literature is shown in Figure 1 . We identified a total of 822 publications in accordance with the search method described. When scanning the titles, abstracts, publication types, and full texts of the 822 publications, it was found that only 35 articles mentioned the correlation between pretreatment serum albumin and the outcome of RCC patients. Among these, 18 articles were excluded (three lacked some important data, seven used continuous or two cutoffs, and eight only reported odds ratios or relative risks). Thus, a total of 17 studies comprising 6,447 cases were included in our meta-analysis. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] characteristics of included studies
The basic information on the studies conforming to the inclusion criteria is collected in Table 1 . The 17 included articles were published from 2000 to 2015, and most of them came from Asia (n=4), Europe (n=4), and North America (n=8). Our meta-analysis included a total of 6,447 patients, with a median number of 209 patients per study (range: 70-2,119). Of these studies, nine explored the effect of pretreatment serum albumin on the prognosis of metastatic renal cell carcinoma, three on localized RCC, and four on clear cell renal cell carcinoma. Meanwhile, ten studies were evaluated using multivariate analysis, and seven were evaluated using univariate analysis. OS was evaluated in eleven studies, CSS was reported in eight studies, PFS was reported in two studies, and RFS was reported in one study. Considering there are more studies about OS, we chose OS as the primary outcome of the studies selected for this meta-analysis. HRs were directly reported for 15 studies, and estimated indirectly for the remaining two studies. The cutoff value of pretreatment serum albumin used in most studies was 3.5 g/dL (the lower limit of normal).
Quality assessment
According to the Newcastle-Ottawa scale, we assessed the quality of the 17 eligible studies included in our 
Yes report
Abbreviations: CCRCC, clear cell renal cell carcinoma; CSS, cancer-specific survival; HR, hazard ratio; lRCC, localized renal cell carcinoma; mCCRCC, metastatic clear cell renal cell carcinoma; mRCC, metastatic renal cell carcinoma; TNM, tumor node metastasis; MT, multiple therapy; nr, not reported; Os, overall survival; PFs, progression-free survival; rcc, renal cell carcinoma; rFs, relapse-free survival; sc, survival curve.
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serum albumin in renal cell carcinoma meta-analysis. The quality scores of the studies varied from 4 to 9, with a mean of 6.5. A higher score showed better methodology. None of the studies mentioned were excluded from subsequent analyses.
Meta-analysis results
Pretreatment serum albumin and survival of rcc patients
The main results of this meta-analysis are shown in Figure 2B ). To explore the heterogeneity between these studies, the significance of pretreatment serum albumin was evaluated further via subgroup analysis based on the main features, including tumor type, analysis type, cutoff value, and HR-obtaining method. Considering that the number of studies that evaluated RFS and PFS was relatively small, we only conducted subgroup analysis for OS and CSS. In the tumor type subgroup, a decreased pretreatment serum albumin level was closely associated with the poor prognosis of RCC patients, except for OS in the all-stage RCC group ( Figure 3) . As for the analysis type, cutoff value, and HR-obtaining method subgroups, previous findings were powerful, as shown in Table 2 .
sensitivity analyses
Each single cohort included in our meta-analysis was deleted, in turn, to check if individual studies influenced the results. Results of sensitivity analyses indicated the strength of our findings (data not shown).
Publication bias
Publication bias was assessed for both OS and CSS. The publication bias of all enrolled studies was evaluated using Considering the lower sample size of the only subgroup with a different result (two studies involving 672 patients), we can ignore the inconsistent result to some extent. Pretreatment serum albumin is closely related to the prognosis of RCC and other malignant tumors; the underlying reasons for this are still speculative, but explanations involving nutrition and inflammation have been widely recognized. The initiation and progression of cancer are often accompanied by malnutrition and chronic inflammation, which often develop into tumor cachexia and accelerate the deterioration of cancer patients. Malnutrition in cancer patients is usually caused by loss of appetite and malignant tumor depletion, which is reflected in hypoalbuminemia and pitting edema. The systematic inflammatory response in cancer patients also alters the concentration of serum albumin. Under inflammatory conditions, activated proinflammatory cytokines, including tumor necrosis factor, and interleukin −1, −6, and −8, inhibit the ability of liver cells to generate albumin. 8, 33, 34 In addition, the TNF generated by cancer cells increases the permeability of capillaries, which results in the direct loss of albumin from the circulatory system. 35 Furthermore, with the malignant progress of the tumor, development of micrometastases in the liver impairs liver function and reduces the synthesis of albumin. 8, 36 Therefore, the lower the level of serum albumin, the worse the prognosis of cancer patients, and consequently, pretreatment serum albumin is an effective prognostic indicator for cancer patients.
Serum albumin is a convenient and economic prognostic indicator for RCC patients; the concentration of serum albumin can be easily monitored by biochemical examination at any time. The reduction of serum albumin concentration in cancer patients not only demonstrates the deterioration of their nutritional condition, but also indicates a poor prognosis. Therefore, clinical personnel can conduct risk stratification on cancer patients on the basis of the concentration of pretreatment serum albumin, in order to individualize treatment. However, as a prognostic indicator in RCC patients, serum albumin does have some limitations. For example, in the overhydrated state or with other disease processes, serum albumin may not indicate the true nutritional status, so its prognostic value in RCC patients will be disturbed. 37 Meanwhile, the level of serum albumin is a blood index, which may be slightly affected by diet and other nontumor-related factors. Nevertheless, without the interference of these factors, pretreatment serum albumin is of great prognostic value in RCC patients.
There were several limitations in this study; first, only 17 studies and 6,447 patients were included in our metaanalysis, ie, there was a relatively small sample size. Second, there was heterogeneity between the studies that may have been caused by differences in research design, basic features of the patients, cutoff values for pretreatment serum albumin, therapeutic methods, and follow-up periods. Moreover, owing to the lack of sufficient data, the associations between pretreatment serum albumin and other important clinical characteristics were not explored.
Conclusion
In conclusion, this meta-analysis clarified that a decreased pretreatment serum albumin level implied a poor prognosis for RCC patients. The level of pretreatment serum albumin is a convenient and economic prognostic indicator, and can be monitored for risk stratification and treatment individualization in RCC patients. Considering the limitation of the present analysis, further prospective multicenter studies should be carried out to confirm our findings. 
